SUMMARY Thirty four patients with aortic regurgitation were studied by continuous wave Doppler ultrasound. In 30 of these the regurgitation was graded by cineangiography as mild, moderate, or severe and in four severe regurgitation was confirmed at operation. The by its pressure half time-that is the time from the peak pressure difference to a 50% decrease in that value.79
Aortic regurgitation can be diagnosed with high sensitivity and specificity by pulsed and continuous wave Doppler ultrasound."2 Provided the angle between the ultrasound beam and the regurgitant jet is small, the maximal jet velocities can be recorded with continuous wave Doppler and the instantaneous pressure difference between the aorta and the left ventricle can be calculated.3 The decline of this gradient throughout diastole can then be measured non-invasively. 4 The rate of decrease of the aortoventricular pressure difference during diastole obtained by pressure recording or non-invasively by continuous wave Doppler has been used as a measure of the severity of aortic regurgitation.' The rate of decline in this pressure difference, however, also depends on aortic compliance, total systemic vascular resistance, and the left ventricular compliance.8 The rate of decrease of the pressure difference can be expressed
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Accepted for publication 30 August 1988 by its pressure half time-that is the time from the peak pressure difference to a 50% decrease in that value. 79 The aim of our study was to assess whether this pressure half time obtained from the maximal velocity of the aortic regurgitation recorded by continuous wave Doppler ultrasound was a useful measure of the severity of the aortic regurgitation. For this we studied (a) the agreement between the non-invasive and the invasive methods by comparing the half time of the pressure difference calculated from the maximal velocities of the aortic regurgitation with that obtained from the aortic and left ventricular pressure recordings at catheterisation; (b) we compared the pressure half time of the aortic regurgitation with the angiographic assessment of severity; (c) we noted the range of the half times of the diastolic pressure difference between the aorta and left ventricle measured at catheterisation in patients without aortic regurgitation; and (d) we examined the relation between the pressure half time and the systemic vascular resistance in patients with aortic regurgitation.
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The control group consisted of 30 patients without aortic regurgitation who had left heart catheterisation, including an aortic root contrast injection, for ischaemic heart disease (table 2).
DOPPLER ECHOCARDIOGRAPHY
Continuous wave Doppler recordings were made on an Irex System IIIB ultrasonograph with both a combined two dimensional and 2 MI4Hz Doppler transducer and a non-imaging 2 MHz Doppler transducer. The maximal velocity of the aortic regurgitation was recorded from apical, parastemal, and suprastemal positions, and the recording with the highest velocity and best defined maximal velocity envelope was used for measurements.
A line was drawn along the maximal velocity envelope. Another line, parallel to the baseline, was then drawn at the velocity corresponding to the The decay in velocity is linear in patients with severe aortic regurgitation but it may be curvilinear in others. When diastole is too short for the two lines to cross before end diastole three different options for measurement of the pressure half time have to be considered (fig 2) .
(a) A line drawn along the maximum velocity envelope can be prolonged beyond end diastole, but this is ambiguous in patients with a curvilinear velocity decay. The use of this method in such patients gives variable results with varying heart rate and diastolic length. The result varies depending on whether only the initial steeper part of the curve is present or, as with the slower heart rate, a less steep part is included in the recording.
(b) A straight line drawn through the maximal velocities in early and late diastole and with prolongation beyond the velocity envelope crosses the horizontal line of half the initial pressure difference either during diastole or after. This option is also liable to variation in pressure half time with varying heart rates and diastolic length. (c) A straight line drawn along the initial slope of the recorded maximal velocities from the aortic regurgitation is less susceptible to variations in heart rate than the other two options. Usually the initial part of the velocity decrease is linear and easy to define. This method may, however, distinguish less well between curves with an initially rapid but then slower velocity decay and curves where the velocity decay is rapid throughout diastole, as seen in patients with severe aortic regurgitation. Thus none of these methods is ideal.
In this study we measured the pressure half time from the Doppler recording along the maximum velocity of the curve whenever possible (fig 1) . In patients with a linear velocity decay the line along the maximum velocities was extended beyond end diastole when necessary. In patients with a curvilinear velocity decrease we used a line extended along the initial slope (fig 2) . The time duration from the peak velocity to the crossing point of the line along the maximal velocities and the line indicating half the initial pressure difference was defined as the Doppler pressure half time (DPHT). This was calculated on the basis of recordings from [4] [5] [6] .~~~~ĩ The transducer needs to be positioned across the beginning of the jet to obtain a good envelope throughout diastole and a narrow angle between the regurgitation jet and the ultrasound beam gives a stronger signal than a wide angle. To obtain satisfactory recordings in some patients the transducer position was changed from the apical position to the parasternal or suprasternal positions. When the origin and direction of the regurgitation jet can be visualised by colour coded Doppler, later experience has indicated that a well defined envelope of the maximal jet velocities can be more rapidly obtained, and with a higher success rate also in patients with mild regurgitation.
The pressure half time is independent of the angle and not influenced by the blood pressure value, whereas the deceleration rate depends both on the initial pressure and the rate of pressure decrease. Others have measured the velocity half time or the deceleration of aortic regurgitations."8 9 These measurements differ from the pressure half time by being influenced both by the angle between the ultrasound beam and jet velocity and by changes in blood pressure in early diastole.
The choice of different options for measuring the pressure half time described in the methods is more important in patients with less severe regurgitation where the velocity decay is curvilinear unless diastole is short. When the pressure halftime was not reached before end diastole the linear decay in the first part of diastole was used because this measurement was independent of heart rate. This would, however, lead to relatively shorter half times in some of the patients with mild and moderate regurgitation and may partly account for the lack of a significant difference between moderate and severe regurgitation. However, values < 350 ms were not seen in patients with mild or moderate regurgitation.
In patients with severe regurgitation there was no difficulty with this measurement because they all showed a linear velocity decay, with a continued rapid decrease in velocity throughout diastole. Thus in addition to a shorter pressure half time in some of these patients, a continued rapid decrease in velocity instead ofa curvilinear decay was a useful indicator of the severity. A rapid heart rate would make this difference in the velocity curves in late diastole less obvious.
Conclusions
In patients with aortic regurgitation the half time of the aortoventricular pressure difference can be measured non-invasively with Doppler ultrasound.
